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ROMANO. J. A. AND J. M. KING. ('onditioned ta Ste .II'r iot and ( It ct ii(,' dh,11i,' I l /ifha( /, d 101/,:pl/, ',11 1/IM

PHARMACOL BIOCHEM BEHAV 2711) 81-85. 1987.-The effectiveness of drug, at, unconditioned stimuli I LCS, in
the conditioned taste aversion ICTA) procedure mav be influenced h specific pha rmacological ;inittw;onim. The present
studies examined the UCS effects of two carbamates. ph sostigmine ,a;icx itte i PS) and pyridostiuminc bromide I'Bi. tnd
three anticholinergic compounds. atropine methyl nitrate AMNI. attropine sull'te IASI, and henaictsiine hsdrochloide
(BH). Individual drugs,. ats well as combinations of the carbaimuates and the anticholinergic,. ,,ere studied in a t.o-hottle
procedure in rats. The lowest effectise doses for eliciting significant C'[A, were PS. 0.32 mg kg: PB. .(.0 mg kg: AMN.
0.04 mg kg: AS. 0.07 mg'kg and BH. 0.90 mg kg. IP. Combinttions of PS ith eithei AMN or BH vere mutually
antagonistic as UCSs. whereas PS with AS was not. PB with AMN. but not with AS. also ,hoed ,ntagonim in the
procedure. The present results suggest that the CTA procedure is w&ell-suited for direct evirmination of cholinergic drug
effects and ma also be used to explore interaction, of different classes of cholinergic drugs.

Anticholinesterase Anticholinergic Conditioned tt,t aersion Antagonism Phy,,ostign"ne sAlic t ie
Pyridostigmine bromide Atropine meth l nitrate Atuopire ulftte Ilenact ,ine h diochlotid

THE conditioned taste aversion (CTA) procedure has been cholinergic compounds as LICSs 15t. CI As have been re-
proposed as a possible element in a broad battery of screens ported following administration of the anticholinergics
for behavioral toxicity. The bases for this proposed usage are scopolamine 1101, atropine sulfate iAS) 1181, and its
the facts that (I) most known toxins do reliably condition quaternary analogue. atropine methyl nitrate (AMN) 1181.
CTAs, (2) CTAs generally corroborate known toxicity. and These studies., however, did not examine dose-effect rela-
13) the procedure is moderately sensitive and cost effective tionships for these anticholinergic drugs. Physosligmine
[191. In this procedure, an animal is exposed to a novel (PSi. an anticholinesterase, was found to produce a weak
stimulus, such ts saccharin, which serves as a conditioned CTA at a single dose of 0.50 mgkg in the one-bottle pr-.ce-
stimulus CS). A toxicosis is then induced in the animal dure 1181. We hase previously reported CTAs to the toxic
through use of an unconditioned stimulus (UCS) which may organophosphorus compounds sarin I I 1, soman 1211 and
be a drug, a chemical or ionizing radiation 12.71. Often a rat tabun 1221 at dose,, ranging from 0.60 to 0.75 1D50. which
will develop an enduring aversion to the CS taste after a were occasionally accomranied b, overt sign,, of cholinergic
single association with the UCS-induced toxicosis 1231. The intoxication. Similarly. MacPhail 1151, using t two-bottle
essentiality of this illn,ss to the formation of CTAs has been procedure, found no CTA to the anticholinesterase carbar l
questioned 14.61. From the list of toxins which have been but reported a CTA to another. Baygon. only at the highest
demonstrated to produce CTAs. it appears that although ill- dose employed. i.e.. one accompanied by noticeable sign,, of
ness may not be essential for formation of CTAs. it may well peripheral cholinomimetic stimulation. MacPhail 1151 con-
be sufficient. Thus. one may use the CTA as a gross index of cluded that the CTA procedure may not be at sensitive meas-
the animal's ability to discern a drugged state 16). ure of anlicholinesterase intoxication. In general. however,

Although some studies have been carried out using the sensitivity of rats to induction of CTA,, by low doses of
cholinergic agents in radiation-induced taste aversions 131. cholinergic drugs remains to be determined.
until recently few studies have been conducted employing The CTA procedure m;ty also be used to determine the

'The experiments reported here were conducted according to the Guide for C re and Use of laboaor Animails 19781. s prepared b ihe
Committee on Care and Use of Laboratory Animals,. National Research Council. DHEW Publication No. I NIH) 8(-23. the opinion, t
assertions contained herein are the private ,iews of the authors,. and a;re not to he construed as reflecting the . eA, s of the l)epirtmen of the
Army or the Department of Deferse.

'Present addres: US Army Human Engineering lIboratory. AP(.. MD 2; 5-5001.
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1:1. 1. i .A\ F11ects of pairing I'S iseh. (1.45. 0.65 me kgl nd AMN ) ~eh, 1.2. 2.4 Rig kg) on per cent a~cchai in preter ence. lenriat~ vcre te'ded
in the %ehicle-%ehicle group. [ise ritts were in oll other&gLups. ( 13 Etkects 01 paniine I'S i 'eh. 0.45. 0.65 mg kg) and AS '.eh. 1.1.2.2 mg1kg)
on lpcenit succhariin pr-etrence. The sehicle-% chicle and the %cehicle-tLI ng ke AS eroups cont~tined 1(1 nima.: the (1.65 PIS-s ehiclepgoup
contained four :lnim~ils: all other grouitpscontained fise animals -The %erticmI haii espress the mecan( IS. F.M.I percent a~cchamiin preference
for eaich e\perimentaiI group. The asterisks indicate significaince compared \k ith se hicle-,.ehicle control I/p ((A(S). IDruus sAe crcUSen 11P.

pharmacological specificity of the IJCS. Pharmacologic "IA I I F I
specificity in the "I'A procedure has been demonstrated by a 1: F ECt Sot OF.CRA B AMAtItF. ANtI ML SCAR INI1C. AN 1)
number Of studies of agonist-antagonist pairs 18. 12, 13. 251. (H0t 11N01 Y ItW DRIL (S ON IFORMAttION U ('(NI M] J NEI AS 11

To a1 degree, anatomic speciticity. has also been demon- A VERSIO0N S t N RATIS
stratted 11.20). However. these studies did not employ
cholinergic agents. TIhus, the purposeso the present study t.orue - o~ nt ieAld(1.)5
were ito demonstrate 11) the utility of the conditioned taste D L:Signiflican T /-00;
a\5 erston procedure in e% aluating the discriminative stimulus
properties, of cholinergic drugs,. particularly at low doses. Ph soshigrmine Sahoc late I P'S) 0,3 2 mng Kg
and 121 blockade of the behavioral changes, produced by tridosugvinine Biride I 11) I1.0() Trg kg
cholinergic drLus through the use of pharmacologic Atm opine Methyl Nitrate iAMNI 0.014 mig kg

anaoit.-tLLopine Sul~t IIt I (AS) t00 Trg kL!
Benamcts/ine Hxdrochloride 0.94) mg k9

Ft I H () ) MHi

Three hundred and ninet\ -one male albino rats I AMRI:
(SI) X WIIBR. weighing between 250 and 370 grams were(tcn (LI (

used in this study. They were housed individuailly in plastic P (eu
caiges (25 \ 46\ 20O cm)l in temperaltu-re-contrIol led animal After acclimation, animals were trained in the home cage
quarters. aind matintalined oin aI 12- hour light-dark cycle, w'ith for four days, to drink on at 30 min access per day drinking
artificial light provided betw~een 060W and ISM0 hours,. The schedule. On dla\ 5. they wkere offered only at disItinctivel
rats wereiallowxed at leaist 46das to becomeiacclimaitedl to the sweet-flav~ored M .21' w v saccharin) solution, the CS. during
antmal quarters and to dilyI handling prior to experimental this drinking period. T'his exposure was followed shortly by
use. I aboratory rat chow "it,, a\sailatble ad lib throughout the an iniection of the drugs or vehicle. w?.hiche\ er wais to sers, e
studies. (iroup si/es, ate given in the figure legends. as, the TiCS. TFhe animals were maintained on the 30 min

datily waiter consumption schedule for three additional day s.
On t he fou rt h day follo\, ing t he patiring of drugs and fla % ored

PS. ~iioslgmie bomie 1113) AM . A an beac- solution, animals were offered at two-bottle choice betsskeen
PS protimne bromclo ide hIBW. AMre ASloe and benac-ru the s\Aeetened sacchatrin solution and tap kkater during their

doses were for the salt. D~oses of PS used ranged from 0.20) to 10mn rnkn period, lest day consumption tor each
0.65 mg kg. PB from 0.40 to 2.0X) mg kg. AMN from 0.04 to carimal\i expressed as percent saiccharin preference: I iac-
2.4)) mg kg. AS from 0.07 to 2.20 mg kg. and RH from 0.29 to chin consumed) cosmd 100.amsouin osue
9.0 mg kg. The dosages sairiedl by 0. 16 log increments for PS. itrcnu d I .
0.2(0 for PB. 0.3(0 for AMN and AS. and 0.50 for RH. The ehnadStirc Aax\\
vehicle for all drugs, was water for injection, liSP. \A, ith 0. s5'
methylparaiben and 0.05('( propy Iparaben (w v) added for A series of dose-ranging studies %k ith the indiv idulil drugs
stabilization and with pH adjusted to 2.8 using 0. 1 N hydro- was, conducted to determine minnimailly effectis-e dos,igcs for
chloric acid. All solutions, were prepared so that injection eliciting the CTA. Follov. ing these studies, at series of Iantacv-
volumes were proportional to 1.0 ml,,kg. TFhe drug solutions, onism experiments were conducted. PS and PB \Aecrc eaich
were prepared in lots and stored under refrigeration between paired with AMIN and AS. respectively (FExperiments I-IV).
drug tests. The vehicle was used for control injections and all Finall\ . PS wais sttudied in conjtunction w~ith RH (Ex\peliment
drugs were given intriiperitoncally. VI. In Experiments I and 11, AMN (sehicle. 1.2 and 2.4
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FIG. 2. (A) Effects. of pairing PB (veh, 0.63. 2.0 mg'kg) and AMN (veh, 1.2, 2.4 mg,'kg) on percent s accharin preference. Nine rats. were te'sted
in the vehicle-vehicle group. The vehicle-1.2 mg/kg AMN and the vehicle-2.4 mg/kg AMN groups. contained 10 animals. Five rats. were in all
other groups.. 1B) Effects. of pairing PB (veh, 0.63, 2.0 mg/kg) and AS veh. 1.1, 2.2 mg/kg) on percent saccharin preference. Ten rat, were
tested in the vehicle-vehicle, vehicle-I. 1 mg/kg AS, and the vehicle-2.2 mg/kg AS groups.. All other group. contained five rats.. The vertical
bar,, express the mean I -S.E.M.) percent saccharin preference for each experimental group. The asterisks indicate Nignificance compared
with vehicle-vehicle control (p-- 0.05). Drugs were given IP.

mg.kg) and AS ivehicle, I. 1 and 2.2 mg/kg) were paired with Experiment.t, I-V
PS (vehicle. 0.45 and 0.65 mg/kg) in 3x3 between-groups
factorial designs. Following the two-way between groups The effects of pairing PS and AMN as UCSs are shown in
ANOVA, Newman-Keuls analysis was used to compare Fig. IA. Results of the analysis of variance indicated that
groups to the vehicle-vehicle control and to each other. For flavor aversions were produced by PS, F(2.41)= 16.0,
Experiments IlI and IV. AMN (vehicle. 1.2 and 2.4 mg/kg) p<0.001, and AMN, F12.41)=49.0, p<0.O01. Furthermore,
and AS (vehicle, 1.1 and 2.2 mg/kg) were paired with PB there was a significant interaction between these drugs,
(veh, 0.63 and 2.0 mg/kg) in one-way between-groups de- F(4,41)=34.0, p<0.001. That is, the results of the
signs. Following the one-way ANOVA, Dunnett's test com- Newman-Keuls analysis indicated that the vehicle control
pared each': group to the vehicle-vehicle control. In Experi- and the 2.4 mg/kg AMN-0.65 mg/kg PS dose groups did not
ment V, PS (veh and 0.65 mg/kg) was paired with BH (veh, differ from each other, although they were significantly dif-
0.29. 0.90, 2.90, and 9.00 mg/kg) in a 2x5 between-groups ferent from all other treatment combinations. In addition, the
factorial design. Again, following the two-way between 1.2 mg/kg AMN-0.65 mg/kg PS treatment combination, al-
groups ANOVA. the Newman-Keuls analysis was used to though resulting in greater flavor aversions than either of the
compare groups to the vehicle-vehicle control and to each two groups mentioned above, had significantly weaker flavor
other 1271. In Experiments I-V, the anticholinergics AMN, aversions than all but one of the remaining drug treatment
AS, and BH were injected immedi-t,-y following the 30 min combinations. Thus, the significant interaction indicates that
drinking period, while PS and PB weie administered five min PS and AMN were mutually antagonistic. However, the only
later. Pilot studies had indicated that this was the most ef- statistically significant antagonism, as shown by Newman-
ficacious timing of drug presentation. Keuls analysis, was found in the 2.4 mg/kg AMN-0.65 mg/kg

In addition, analysis of variance was calculated using test PS group.
day total fluid intake to determine if any drug or drug combi- The results of the PS and AS UCS pairings are presented
nation significantly influenced the amount of fluid con- in Fig. lB. Results of the analysis of variance indicated that
Surmed. CTAs were produced by PS. F(2,45)=3.71.p<0.05, and AS.

F(2,45)=5.5, p<-0.011. No significant interaction was ob-

RESUUTS served. All groups demonstrated significant CTAs when
compared to the vehicle control condition. No other signifi-

Individually. all drugs produced dose-related CTAs with- cant differences were aetected among treatment combina-
out affecting total test day fluid intake. Use of the tions. The lack of a significant interaction indicates that PS
Newman-Keuls procedure allowed for the determination of and AS were not mutually antagonistic.
the lowest drug dosage which would yield significant differ- For Experiment 111, in which PB was paired with
ences from the vehicle control (see Table I for summary). AMN, significant differences were found among groups
The dose-effect cuves for AS and AMN were steep and par- F(6,4l)=7.5l,p<0.0l, with all groups being significantly dif-
allel. whereas the dose-effect curves for BH, PS, and PB ferent from control, with the exception of the 2.4 AMN-2.0
were relatively shallow and nearly parallel (data not shown PB group. The lack of a statistically significant difference for
here). the tatter drug combination suggests that PB and AMN are

During the course of these experiments two animals at the mutually antagonistic, at least at one dose level (see Fig.
vehicle-0.65 mgikg PS group, one vehicle control animal, and 2A). In Experiment IV. pairing PB with AS resulted in signif-
one animal receiving 2.9 mg/kg BN 0.62 PS were lost. These icant differences among groups, F(6,43)=69.99. p<0.01.
deaths may not have been directly attributable to toxic drug Application of the Newman-Keuls test demonstrated that all
effects, although 0.65 mg/kg PS was often accompanied by groups were significantly different from the vehicle-vehicle
signs of cholinergic hyperstimulation. control (see Fig. 2B).
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DOSE observations). Conversely. the indirect cholinergic agonists
BENACTYZINE HYDROCHLORIDE PS and PB were shown to produce significant CTAs at doses

ICW VEHICLE of 0.32 or 1.00 mg/kg and above which, as stated above, were
029 .g k9 accompanied by some signs of cholinergic intoxication.
0 90 mg kg Perhaps the CTA procedure is not as readily influenced by

' 290mg,1kg 9 ",ign-free" dose of the latter compounds a, by the
900Dmg/g T ,1 cholinergic antagonists (i.e.. doses not otherwise accom-

o 50- panied by obvious signs of cholinergic stimulation). How-
U: :ever, PB produced CTAs at doses which did not disrupt

U LI response rates in a rat operant procedure in this laboratory
2s- 1161.

EPS and AMN proved to be mutually antagonistic. at least

_ _. 1oL at one dose combination, as were PS and BH. However. this
VEHICLE 0.65 was not true for PS and AS. Conversely. AS but not AMN

DOSE PHYSOSTIGMINE SALICYLATE (mg'kg) has been shown to block PS-induced tail flick analgesia 117].

FIG. 3. Effects of pairing PS (veh. 0.65 mg/kg) and BH iveh. 0.29, The reasons for the lack of interaction between AS. which
0.90. 2.9, 9.0 mgkg) on percent saccharin preference. Ten rats were has both central and peripheral actions, and the carbamates
tested in the vehicle-vehicle. vehicle-0.29 mgkg BH. vehicle-0.90 in our present CTA experiments are not clear at th"s time. It
mg kg BH. vehicle-2.9 mgkg BH. vehicle-9.0 mg/kg BH. and the is well known that AMN is more potent than AS in its gas-
0.90 mg/kg BH-PS groups. The vehicle-PS. 0.29 BH-PS, and the 2.9 trointestinal effects [14]. Perhaps larger dosages of AS would
BH-PS groups contained nine rats. Seven rat, were tested in the 2.9 have given results similar to those obtained with AMN. Al-
mg kg BH-PS group. The vertical bar% express the meant I S.E.M.
percent saccharin preference for each experimental group. The a-- ternatively. AMN. but not AS. has potent ganglionic block-
terisks indicate significance compared with vehicle-vehicle control ing activity, being significantly more effective in that respect
(p- 0.05. Drugs were given IP. than tetraethylammonium 191. This property may be shared

with BH. and this common ganglionic blocking property may
also explain the interactions with the carbamates PS and PB
in the CTA procedure. Actions of cholinergic drugs at the

In Experiment V, BH, F(4,84)=4.34. p<0.01. but not the area postrema (AP) may also be important. In an animal not
PS factor, collapsed across BH doses. F( 1.84) = 1.0. p >0.05. capable of emesis. viz. the rat. the AP remains significant in
produced a significant CTA as demonstrated by reduced formation of CTAs. Lesions of this area prevent formation of
saccharin preferenie. In this experiment, a significant drug-induced CTAs including CTAs induced by the anticho-
BHXPS interaction, F(4.84)=9.92, p<0.01, was demon- linergic drug scopolamine methylnitrate 1201. The AP is pe-
strated (see Fig. 3). Note that PS (0.65 mg/kg). when paired ripherally accessible as the blood-brain barrier is compara-
with vehicle, did produce a significant CTA (with a saccharin tively weak at this point. The present experiments were not
preference of 0.48). The latter result suggests a mutual an- designed to evaluate the role of AP vs. peripheral gastroin-
tagonism between the two test compounds. testinal factors in the formation of CTAs by cholinergic

It is important to note that there was no effect on total test drugs. Nevertheless, these experiments indicate the feasibil-
day fluid intake for any of the drug combinations used in ity of demonstrating antagonism with the CTA procedure.
these experiments. Furthermore. no signs of cholinergic in- Thus, the present findings suggest that the CTA procedure
toxication were observed in any of the drug-combination may demonstrate blockade of the behavioral changes
studies (i.e.. Experiments I through V). However, doses of produced by cholinergic drugs through the use of phar-
the carbamates PS and PB which were sufficient to produce macologic antagonists. The locus of the pharmacological an-
CTAs were occasionally accom;,anied by tremor and slight tagonism remains a matter of speculation.
salivation. As the present findings demonstrate. significant phar-

macological antagonism can be obtained even when both
DISCUSSION UCSs produce substantial CTAs in their own right. There-

Each of the five drugs produced a dose-related CTA to at fore. the CTA procedure appears useful in (II detecting the
normally preferred flavor. Cholinergic antagonists proved aversive stimulus properties of cholinergic drugs, and (2)
particularly potent and efficacious in the present two-bottle exploring the specificity of CTAs produced by cholinergic
choice procedure with significant CTAs at dosages as low as drugs through use of pharmacologic antagonists.
0.04. 0.07. and 0.90 mg/kg for AMN, AS. and BH. respec-
tively. The use of this procedure resulted in lower effective
doses than hitherto reported 118.231 and attests to its sen- ACKNOWIEDGEMI-NIS
sitivity in detecting the behavioral effects of the anticholin- The authors wish It) express their thanks to Rence Alvarc, and
ergic drugs. For example, in the rat BH was shown to affect Larry Moore for assisting ,ith the experiments. to Dr, John
schedule-controlled behavior or shuttle avoidance only at McDonough for providing valuable editorial advice. and to Ms.
doses of 4.4 mg/kg or greater in our laboratory (unpublished Melanie Murrov, for editorial and adminisiratic assistance.
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